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Abstract
Purpose: Low load BFR (LLBFR) training can produce similar strength gains as high load resistance (HLR)
training, especially in cases where persons may not have the ability to toelrate heavy loads. The purpose
of this study was to compare changes in strength, power, and hypertrophy between HLR (70% 1RM) and
LLBFR (30% 1RM). Methods: Sixteen healthy individuals, ages 23-21 (8 male, 8 female) were randomized
into HLR and LLBFR groups. Obtained baseline measurements included 1-repetition maximum (1RM), thigh
circumference, and vertical jump height. Each group performed back squat, Bulgarian split squat, barbell
step ups, and lunges. The HL group trend 3x weekly at 3 x 8 repetitions with 2-3 minutes rest and the LLBFR
trained 2x weekly for repetitions of 30-15-15-15 with 30 seconds rest between sets and 2-3 minutes rest
between exercises. Results: Significant differences were found within groups for pre-post vertical jump
height, left thigh circumference, and 1RM squat. No significant difference was found between LLBFR and
HLR groups in measures of vertical jump height or 1RM squat. Conclusion: LLBFR using compound, closed
kinetic chain exercises may be effective for strength training in persons who may not be able to tolerate
higher loads.
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ABSTRACT
Purpose: Low load blood flow restriction (LLBFR) training can produce similar strength gains as high load resistance (HLR)
training, especially in cases where persons may not have the ability to tolerate heavy loads. The purpose of this study was to
compare changes in strength, power, and hypertrophy between HLR (70% 1RM) and LLBFR (30% 1RM). Methods: Sixteen
healthy individuals, ages 23-21 (8 male, 8 female) were randomized into HLR and LLBFR groups. Obtained baseline
measurements included 1-repetition maximum (1RM), thigh circumference, and vertical jump height. Each group performed back
squat, Bulgarian split squat, barbell step ups, and lunges. The HL group trend 3x weekly at 3 x 8 repetitions with 2-3 minutes rest
and the LLBFR trained 2x weekly for repetitions of 30-15-15-15 with 30 seconds rest between sets and 2-3 minutes rest between
exercises. Results: Significant differences were found within groups for pre-post vertical jump height, left thigh circumference, and
1RM squat. No significant difference was found between LLBFR and HLR groups in measures of vertical jump height or 1RM
squat. Conclusion: LLBFR using compound, closed kinetic chain exercises may be effective for strength training in persons who
may not be able to tolerate higher loads.
Keywords: resistance training, repetition maximum, blood-flow restriction
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INTRODUCTION
Blood-flow restriction is a method of hypertrophic training that is becoming increasingly popular in the bodybuilding world, as well
as in therapeutic settings. This training method was first developed by Dr. Yoshiaki Sato in 1997, and it was termed “Kaatsu.”1
Since its introduction, several studies have shown the benefits of blood-flow restriction (BFR) on muscle hypertrophy and delayed
muscular atrophy. Additionally, research has shown that low load BFR (LL-BFR) training can produce similar strength gains as
high load resistance (HLR) training.2 This method of training could prove to be a useful tool in cases where patients may not have
the ability to tolerate heavy loads, such as in the post-operative phase or with certain disorders of the bone or skeletal muscle.
The American College of Sports Medicine (ACSM) recommends exercising muscle groups 2-3 times per week for 2-4 sets of 8-12
repetitions at 60-70% of the 1 RM to improve strength and power.3 They also recommend 2-3 minutes of rest between sets and
48 hours of rest between bouts of exercise.3 Exercise under 50% of 1RM is known to improve muscular endurance.3 Many studies
have shown LL-BFR training to increase strength and hypertrophy at much lower loads of 1 RM. A meta-analysis of LL-BFR training
showed that strength gains can be achieved at 20-30% 1 RM and that 2-3 training bouts per week are most effective.4 Although
there isn’t a “gold standard” for the sets and reps of LL-BFR training, 30-15-15-15 with 30 seconds rest between sets appears to
be most used in the current literature.5,6,7,8,9 Muscle strength and hypertrophy are typically not increased with aerobic exercise or
low load resistance training; however, studies have shown that this can be obtained with BFR6.
The mechanisms of these changes are not fully understood, and numerous theories have been discussed in the literature. Growth
hormone (GH), whole blood lactate, plasma lactate, and muscle cell lactate increase with LL-BFR, stimulating muscle protein
synthesis.9 GH is stimulated by the acidic environment produced by increased lactate levels.9 Muscle protein synthesis signaling
is increased following phosphorylation of the S6K1 signaling protein.4,9,10 This signaling protein is elevated with LL-BFR resistance
training and HLR training without BFR.6,9 Furthermore, S6K1 signaling protein is found in higher concentrations in fast twitch muscle
fibers.6 The increase in S6K1 in fast twitch muscle fibers may explain the phenomenon of increased muscle mass during LL-BFR
training through the increased recruitment of fast twitch muscle fibers.10 Slow twitch muscle fibers are typically recruited first;
however, the hypoxic environment in LL-BFR may result in early recruitment of fast twitch fibers.14,10,13 HLR training results in
intramuscular environmental changes through muscular stress, while LL-BFR resulted in intramuscular environmental changes
without increased load. These changes include oxygen reduction and metabolite accumulation, which have been shown to increase
muscle fiber recruitment.10
In rehabilitation, gaining strength, hypertrophy/decreasing atrophy, and power are something that are essential in regaining full
function. In a study by Takarada et al, participants wore BFR bands five times a day for five minutes without performing any
exercise, and this was found to decrease the atrophy of the knee extensors.11 Clarkson et al showed that walking with BFR bands
improved strength in older adults.12 A meta-analysis by Leonneke et al found that low load resistance training exercises had a
similar effect as a hypertrophy training program.4 However, that analysis looked at a number of studies that performed isolated
movements for their training, such as knee extension, knee flexion, elbow flexion, etc.
These previous studies have examined the effects of BFR in subjects who may not tolerate progressive overloads up to 70% 1RM
to achieve muscle hypertrophy. While previous studies have shown an improvement in muscle hypertrophy and strength, these
studies utilized exercises in isolation and walking. In early stages of rehabilitation, exercises in isolation or at lower intensity may
be necessary for recovery. However, in late-stage rehabilitation, higher loads and more complex movement patterns may be
necessary. The purpose of this study is to determine the effects of a functional training program on strength, hypertrophy, and
power using LL-BFR.
METHODS
Subjects were a convenience sample of 17 graduate students (8 male, 9 female). Subjects ages ranged from 23-31 years.
Participants excluded from the study were those that exhibited any contraindications to exercise on the Physical Activity Readiness
Questionnaire (PAR-Q), those who were already involved in a supervised resistance training program, and those who had not
been recreationally active within the past six months. One female subject was eliminated from the study after the initial testing
session due to sacroiliac pain.
Subjects were then randomized into two groups of 8. Group A participated in an 8-week hypertrophy training program including
the following exercises: squats, split squats, step-ups, and lunges. 1 RM for each exercise was determined initially for all
participants using National Strength and Conditioning Association (NSCA) guidelines13. Before the start of the exercise programs,
vital signs were measured and recorded for all participants (blood pressure, respiratory rate, and pulse rate). Vital signs were also
taken at the beginning of every week for the duration of both programs, using the Welch Allyn Connex 6000® Vital Signs Monitor.
This monitor was verified to be calibrated by a biomedical technician. Participants in Group A performed each exercise at 70% of
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1 RM for 3 x 8 repetitions, with 2-3 minutes rest between sets, and 2-3 minutes rest between exercises. Sessions were completed
three times per week. A minimum of 48 hours rest between sessions was required between training sessions. Group B participated
in an 8-week low-intensity training program with blood flow-restriction bands with the same four exercises as listed previously.
Blood flow restriction was achieved using BFR Bands® (www.bfrshop.com).
BFR bands were applied to the upper thighs, at a subjective discomfort level of approximately 7/10. Wilson et al found that a
subjective restriction of 7/10 resulted in greater indices of muscular stress, swelling, and activation compared to work-matched
controls without increasing muscular damage8. Restrictive bands were worn for the duration of each exercise set and removed
while the subject was resting. Subjects in Group B performed each exercise at 30% of their 1 RM for 30-15-15-15 repetitions, with
30 seconds rest between sets and 2 minutes rest between exercises, for two sessions per week. A minimum of 48 hours between
sessions was required. Before each workout, subjects were asked to rate their overall feeling of wellness on a scale of 1-4 (1=poor,
2=fair, 3=good, 4=excellent). At the end of each workout session, all subjects were asked to rate their perceived exertion on a
scale of 0-10. On rest days between workout sessions, subjects were asked to rate their muscle soreness on a scale of 0-10.
Session time was recorded for each participant at each session and used to calculate session rate of perceived exertion (sRPE).
During the program, the “Two for Two Rule” was implemented for all subjects. This rule is defined by the NSCA as “If during the
last two sessions of the week, the last two reps of the last two sets of an exercise are easy, then weight can be increased 5-10%.”13
At the end of each 8-week program, all participants were measured in 1 RM squat, lunge, step-up, split-squat, vertical jump height,
and thigh circumference. All workouts were completed under the supervision of the research investigators at Franklin Pierce
University. Subjects were instructed not to engage in any strenuous cardiovascular activity for two days before and after each
testing session. Subjects were not permitted to engage in any other lower extremity strengthening or conditioning (i.e., running,
cycling, CrossFit, etc.) during the entire length of the study.
Statistics were analyzed using IBM SPSS version 25. Dependent t-tests were calculated to examine differences within the groups
for 1 RM squat, thigh circumference, and vertical jump. Independent t-tests were calculated to examine differences between Group
A and Group B for the three measures listed above. Independent t-tests were also calculated to examine the differences between
groups for age, gender, BMI, training age, and session RPE (sRPE).
RESULTS
Before training, there were no significant differences in age (group A= 25.63; group B= 24.63; p-value= 0.372), training age (group
A= 5.13; group B= 7.25; p-value= .334), and BMI (group A= 24.14; group B= 22.88; p-value= 0.268) between the two groups.
There were significant differences in the sRPE between the groups in over half of the weeks, this data is shown in table 4. Vertical
jump height, 1RM for squat, and thigh circumference for each group pre/post training were measured. The averages for each group
for pre-training can be found in table 1 and post-training can be found in table 2. Both groups significantly increased in vertical
jump height (group A= 20.00 inches, p-value= 0.001; group B= 20.00 inches, p-value= 0.03), 1RM squat (group A=236.88 lbs, pvalue= <0.001; group B= 226.88 lbs, p-value= <0.001), and left thigh circumference (group A= 53.44 cm, p-value= 0.03; group
B=52.38 cm, p-value= 0.04). Group A did have a significant difference between pre and post right thigh circumference (group A=
53.94 cm; p-value= 0.005), but group B did not with a p-value exceeding 0.05. There were no significant differences between the
two groups in vertical jump height, 1RM squat, and right or left thigh circumference (p-values in table 3).
Table 1. Mean Session RPE (sRPE) Values Each Week
SRPE
AVG (wk1)

SRPE
AVG (wk2)

SRPE
AVG (wk3)

SRPE
AVG (wk4)

SRPE
AVG (wk5)

SRPE
AVG (wk6)

SRPE
AVG (wk7)

SRPE
AVG (wk8)

Group A

353.58

250.92

221.50

241.46

216.17

231.88

226.83

204.96

Group B

391.38

343.44

318.69

317.50

287.31

299.88

259.81

252.94

P wk1

P wk2

P wk3

P wk4

P wk5

P wk6

P wk7

P wk8

0.286

0.002

0.002

0.016

0.029

0.052

0.255

0.022

Group A/B
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Pre-vertical jump

3

Pre 1RM squat

Pre R thigh
circumference

Pre L thigh
circumference

Group A

18.06 inches

200.63 lbs

52.00 cm

52.00 cm

Group B

18.05 inches

201.88 lbs

51.38 cm

50.88 cm

Post vertical jump
height

Post 1RM squat

Post R thigh
circumference

Post L thigh
circumference

Group A

20.00 inches

236.88 lbs

53.94 cm

53.44 cm

Group B

20.00 inches

226.88 lbs

52.63 cm

52.38 cm

Table 3. Mean Post- Training Measurements

Table 4. Between Groups Analysis
Vertical jump height
between groups

1RM squat max between
groups

R thigh circumference
between groups

L thigh circumference
between groups

P = 0.512

P= 0.120

P= 0.365

P=0.937

DISCUSSION
The results of this study suggest with a small sample size that functional LL-BFR training (30% 1RM) done twice weekly achieves
similar results in power, strength, and hypertrophy as HLR training (70% 1RM) done three times weekly within an 8-week period.
These results further confirm the benefits of BFR training as mentioned in the meta-analysis done by Loenneke et al.4 The
outcomes of this study give promise to the use of BFR bands in a clinical rehabilitation setting with patients that cannot tolerate
high loads, especially during end-stage rehabilitation. This type of training may promote safety in the strength and conditioning
communities by avoiding excessive loads while still achieving the same results. With that in mind, it is important to know that sRPE
was found to be consistently higher in the BFR group throughout the life of the study, which is to be expected as reported by
Loenneke et al and Clarkson et al.12,14 Although the loads are not as high, the perceived exertion is higher with the use of BFR
bands, an important deciding factor when determining the use of BFR training with clients/patients.
Similarly, Wilson et al found that the indices of metabolic stress desired to induce a hypertrophic change could occur with lower
technology cuffs, stating that pneumatic cuffs may not be feasible for many of the population.29 In their study, using knee wraps for
open kinetic chain exercises resulted in greater metabolic stress to working muscles.8 It is theorized that this metabolic stress and
subsequent accumulation increases the recruitment of higher threshold type II fibers.8, 15, 16, 17 Previous research has supported the
relationship between the activation of type II fibers and muscle protein synthesis required for hypertrophy and, eventually,
strength.17
Limitations
There are several limitations to this study. Because of the subjects’ class schedule, four subjects had inconsistent attendance
during week 7, but were able to make up their sessions in week 8. This altered the rest between days requirement at the end of
training for the LLBFR group; however, it did not largely impact post-testing and results. In total, every participant completed their
total number of workouts required.
The use of subjective rating for BFR bands may also be a limitation, as discomfort ratings of 7/10 vary from subject to subject.
However, this may have been acceptable were we to measure and verify venous occlusion as documented in the Wilson et al
study.8 In further research, pressure cuffs that measure exact mmHg and retain their pressure in conjunction with verified arterial
and venous occlusion may be used to provide more objective restriction. However, the use of simple bands allows for BFR training
to be accessible to the general population at a nominal cost.
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Conclusion
The use of low intensity BFR training during functional exercises is a viable alternative to HLR training. We found that both the LLBFR and HLR groups had significant increases in power, strength, and thigh circumference. This was measured with the 1RM
squat, vertical jump height, and thigh circumference. We found that there were no differences between the two groups in any
category. In future studies, we would recommend a larger sample size and pneumatic cuffs that can hold pressure ratings in order
to obtain objective measures.
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